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(57) A target speed change ratio of a continuously 
variable transmission of a vehicle is set according to the 
running state of the vehicle. Dynamic characteristics of 
the continuously variable transmission are estimated for 
each speed change ratio, and a speed change ratio out- 
put value is calculated based on the dynamic character- 
istics. An external disturbance compensating value is 
computed from a speed change ratio command value, 
the real speed change ratio, the dynamic characteristic 
estimated value and a predetermined time constant, 
and the transmission is controlled by the speed change 
ratio command value based on the speed change ratio 
output value and external disturbance compensating 
value. By applying the lesser of a temporary target 
speed change ratio having predetermined characteris- 
tics and the target speed change ratio to the calculation 
of the speed change ratio output value when the vehicle 
speed is equal to or greater than a predetermined value, 
a dimensional error in parts is compensated and 
smooth speed change control is realized when the vehi- 
cle starts. 
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Description 

FIELD OF THE INVENTION 

5 ITiis invention relates to speed change ratio control of a continuously variable transmission. 

BACKGROUND OF THE INVENTION 

A continuously varial)le transmission for a vehicle is provided for example with a hydraulic transmission such as a 
10 torque-converter or a fluid coupling which transmits the engine rotation power, and a continuously variable transmission 
(referred to hereafter as CVT) which varies the rotation speed of the hydraulic transmission and transmits it to a vehicle 
drive shaft. 

In Tokkai Sho 61-105353 published by the Japanese Patent Office in 1986, a CVT is disclosed wherein the speed 
change ratio Is continuously varied by looping a belt around a drive pulley and driven pulley respectively comprising a 
15 V-shaped groove and varying the width of the pulley groove. 

Oil pressure acts on each of these pulleys via a speed change control valve, and the width of the pulley is varied 
according to the oil pressure. In other words, the speed change ratio is varied by controlling the speed change control 
valve. 

This oil pressure is supplied to the speed change control valve via a line pressure control valve from an oil pump 
20 driven by the engine. The speed change control valve comprises a spool valve connected to a step motor via a link. 
When the link displaces the spool according to an angular position of the step motor, the oil pressure acting on the pul- 
ley varies. 

' The speed change control valve for example simply transmits pressure from the oil pump to the driven pulley, only 
the oil pressure acting on the drive pulley being controlled according to a speed change ratio command signal. In this 

25 case, the higher the pressure acting on the drive pulley, the narrower Is the groove width of the drive pulley, the larger 
is the contact radius between the drive pulley and the belt, and the smaller is the speed change ratio. When the pres- 
sure acting on the drive pulley is 0. the contact radius between the drive pulley and belt is a minimum and the speed 
change ratio is a maximum. When the vehicle is started, the oil pressure acting on the drive pulley is controlled to 
increase together with the rise of engine rotation speed, and the speed change ratio gradually decreases. 

30 The step motor varies its angular position according to a speed change ratio command signal output from the con- 
trol unit, and the spool of the speed change control valve is displaced via the link. The control unit calculates a target 
speed change ratio so that the engine rotation speed corresponds to a depression of an accelerator pedal, and outputs 
a corresponding speed change ratio command signal to the speed change control valve. 

The displacement of this link is limited by a stopper at its maximum displacement position which corresponds to the 

35 valve position at which the valve releases the whole pressure acting on the drive pulley to a drain. The starting point for 
the angular position change of the step motor is set so that it overshoots an angular position at which the link comes in 
contact with the stopper, or an angular position at which the oil pressure acting on the drive pulley is completely opened 
to the drain, by a plurality o1 steps in the direction of increasing speed change ratio. When the vehicle is at rest, the step 
motor is held in this starting point position. The reason for performing this setting is that, if oil pressure were to act con- 

40 tinuously on the drive pulley in the rest state, there would be an urxdesirable effect on the duratHlity of the CVT. 

Therefore, when the vehide starts, an "initialization" must be performed wherein the step motor is rotated from this 
starting point to a true control starting position at which the speed change control valve actually begins speed change 
control. This task is performed when the control unit outputs a speed change ratio command signal for Initialization. 
However, due to scatter in the dimensfons of mechanical parts which are interposed between output of the speed 

45 change ratio control signal and variation of groove width of the drive pulley, the step number of the step motor required 
for initialization is not necessarily the same for all transmission systems of the same specification.. The case therefore 
arises where the angular position of the step motor may not coincide with the control start position even if initialization 
completes. When the angular position of the step motor does not reach the control start position, the response delay of 
the transmission increases during the accelerating process of the vehicle when It is started. This response delay 

so adversely affects the acceleration performance of the vehicle. Conversely, when the angular position of the step motor 
has overshot the control start position, the vehicle starts with a speed change ratio which is smaller than the command 
value. Such a smaller speed change ratio also affects the acceleration performance of the vehicle. 

The above initialization errors may also cause the real speed change ratio to overshoot the target speed change 
ratio during the acceleration after the vehicle is started. 

55 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to compensate dimensional scatter in the production of mechanical parts. 
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and to make speed change control of a vehicle snx)Other when the vehicle starts. 

In order to achie/e the above object, this invention provides a speed change ratio controller for such a continuously 
variable transmission which continuously vary a rotation speed of an engine of a vehicle via an actuator and transmits 
a varied rotation to a vehicle drive shaft. 

5 The controller comprises a sensor for detecting a running state of the vehicle, a sensor for detecting a real speed 
change ratio of the transmission, a sensor for detecting a vehicle speed, and a microprocessor. 

The microprocessor is programmed to set a target speed change ratio from the running state, set a temporary tar- 
get speed change ratio smaller than a largest speed change ratio of the transmission, compute a dynamic characteristic 
estimated value of the continuously variable transmission for each speed change ratio, calculate a speed change ratio 

10 output value based on the dynamic characteristic estimated value and the lesser of tiie target speed change ratio and 
the tenporary target speed change ratio when the vehicle speed Is equal to or greater than a predetermined speed, 
compute an external disturbance compensating value under a predetermined time constant based on a speed change 
ratio command value, the real speed change ratio and tiie dynamic characteristic estimated value, calculate tiie speed 
change ratio command value based on the speed change ratio output value and the external disturi>ance compensating 

15 value, compute an operating command value of the actuator according to the speed change ratio commarvj value, and 
control the actuator based on the operating command value, 

It is preferable that the microprocessor is further programmed to set the target speed change ratio to the largest 
speed change ratio when tiie operating command value is less than a predetermined first reference value, and set tiie 
temporary target speed change ratio so that tiie temporary target speed change ratio gradually decreases as tiie oper- 

20 ating command value increases when the operating command value is equal to or larger than the predetermined first 
reference value. 

It is further preferable that the microprocessor is further programmed to set the temporary target speed change 
ratio to be equal to the largest speed change ratio when the vehicle speed is lower than tiie predetermined speed. 

It is also preferable that the microprocessor is further programmed to set the temporary target speed change ratio 
25 to gradually decrease from tiie largest speed change ratio as tiie operating command value increases, when the vehicle 
speed is equal to or greater than the predetermined speed. 

In tills case, it is further preferable that tiie microprocessor is further programmed to set temporary target speed 
change ratio to be equal to tiie target speed change ratio when the operating command value is equal to or greater than 
a predetermined second reference value which is larger than the first predetermined reference value. 
30 It is also preferable that the microprocessor is further programmed to compute a different operating command value 
when the speed change ratio is increasing and when the speed change ratio is decreasing. 

According to another aspect of this invention, the microprocessor is programmed to set a target speed change ratio 
from the running state, compute a dynamic characteristic estimated value of the continuously variable transmission for 
each speed change ratio, calculate a speed change ratio output value teased on the dynamic characteristic estimated 
35 value so that the real speed change ratio follows the target speed change ratio, determine whether or not the vehicle 
speed is wrthin a predetermined speed range, set a time constant which has a larger value when the vehicle speed is 
within the predetermined speed range than when the vehicle speed is out of the predetermined speed range, compute 
an external disturbance compensating value under the time constant based on a speed change ratio command value, 
the real speed change ratio and the dynamic characteristic estimated value, calculate the speed change ratio command 
40 value based on the speed change ratio output value and tiie external disturbance compensating value, compute an 
operating command value of the actuator according to the speed change ratio command value, and control the actuator 
based on the operating command value. 

It is preferable that tiie predetermined speed range is set from 5km/hr to 1 0 km/hr. 

The details as well as other features and advantages of this invention are set fortii in the remainder of tiie specif i- 
45 cation and are shown in the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a schematic diagram of a continuously variable transmission and a speed change ratio contiroller according 
50 to this invention. 

Fig. 2 is a schematic diagram of an oil pressure control unit according to tills invention. 
Fig. 3 is a block diagram of an electronic control unit according to this invention. 

Figs. 4A and 4B are flowcharts for describing a speed change control process performed by ttie electronic control 

unit. 

55 Fig. 5 is a diagram showing tiie contents of a map of a time constant Tp of a CVT stored in the electronic corrtrol 
unit. 

Fig. 6 is a diagram showing a relation between a speed change ratio and step motor angular position 8. 
Fig. 7 is an enlarged view of an essential part in Fig. 6. 
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Rg. 8 is a diagram showing the contents of a map of step mota angular position 0 stored by the electronic control 

unit. 

Rg. 9 is a timing chart showing a change of target speed change ratio /p, real speed change ratio ipR, target engine 
rotation speed, real engine rotation speed A/e. vehicle speed VSP and acceleration G according to the speed change 
5 ratio controller. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Fig. 1 of the drawings, a continuously variable transmission (CVT) 17 is connected to an engine, not 
10 illustrated, via a torque converter 12 conrprising a lock up clutch 11. The CVT 17 comprises a drive pulley 16 which is 
connected to a torque-converter 12, and a driven pulley 26 which is connected to an output shaft 33. A V-belt 24 is 
looped around these pulleys 16 and 26. 

The drive pulley 16 comprises a fixed conical plate 18 which rotates together with the torque-converter 12 and a 
movable conical plate 22 facing the fixed conical plate 1 8. a V-shaped pulley groove being formed between these con- 
15 ical plates 18 and 22. The movable conical plate 22 is displaced according to an oil pressure supplied to a drive pulley 
cylinder chamber 20. i.e. the drive pulley oil pressure, in the direction of the pulley shaft. 

The driven pulley 26 comprises the f ixed conical plate 30 which rotates together with a pulley shaft 33, and a mov- 
able conical plate 34 an-anged facing the fixed conical plate 30, a V-shaped pulley groove being fontied between these 
conical plates 30 and 34. The movatrfe conical plate 34 is displaced according to a line pressure supplied to a driven 
so pulley cylinder chamber 32. i.e. according to a driven pulley pressure, in the direction of the pulley shaft. The nrKyvat)le 
conical plate 34 has a larger pressure-receiving area than the movable conical plate 22. 

A drive torque input from an engine is input to the drive pulley 16 of the CVT 1 7 via the torque-converter 12. and is 
transmitted to the driven pulley 26 via the V-belt 24 from the drive pulley 16. 

When the movable conical plate 22 of the drive pulley 16 and the movable conical plate 34 of the driven pulley 26 
25 are respectively displaced in the shaft direction, the contact radii between the V belt 24 and each pulley change, and a 
rotation speed ratio between the drive pulley 16 and driven pulley 26. i.e. a speed change ratio, can therefore be 
changed. 

For example, if the width of the V-shaped groove of the drive pulley 16 is reduced, the contact radius between the 
drive pulley 16 and V-belt 24 becomes large, and the rotation speed of the output shaft inaeases. Conversely, if the 
30 width of the V-shaped groove of the drive pulley 16 is increased, the contact radius between the drive pulley 16 and V- 
belt 24 becomes small, and the rotation speed of the output shaft drops. 

The speed change ratio of the CVT 17 and a contact frictional force between the V-belt 24 and conical plates are 
controlled by an oil pressure control unit 3. 

The oil pressure control unit 3, as shown in Fig. 2. is provided with a speed control valve 63 of the spool type, a step 
35 motor 64 which displaces the spool of the speed control valve 63 according to a target speed change ratio calculated 
by an electronic control unit 1 and a line pressure control-valve 60 for controlling a line pressure introduced from an oil 
punnp61. 

The line pressure control valve 60 adjusts line pressure according to a pilot pressure supplied from a spool valve 
77 in response to a negative pressure diaphragm 76 which detects an intake negative pressure of the engine. 
40 The line pressure adjusted by the line pressure control valve 60 is supplied to the speed change control valve 63, 
and line pressure is also supplied to the spool valve 77 as a source of pilot pressure generated by the spool valve 77. 
The pilot pressure of the spool valve 77 is supplied as a forward/reverse clutch tightening pressure of a clutch via a 
manual valve 78 in response to a shift lever. 

The structure of this line pressure control is known for example from Tokkai Hei 2-240438 published by the Japa- 
45 nese Patent Office in 1 990. 

A rotation speed signal from a drive pulley rotation speed sensor 6 which detects a rotation speed Npri of the drive 
pulley 1 6 of CVT 1 7. i.e. the input rotation speed to the CVT 1 7, and a rotation speed signal Msec of the driven pulley 
26, i.e. a rotation speed signal from a driven pulley rotation speed sensor 7 which detects the output rotation speed of 
the CVT 1 7. are input to the electronic control unit 1 . The rotation speed signal from the driven pulley 26 is also used 
so as a vehicle speed VSP. 

Also input are signals showing the drive state of the vehicle, i.e. a shift position signal from an inhibitor switch 8 for 
detecting the shift position of a shift lever, a throttle opening signal TVO from a throttle opening sensor 5 according to 
a driver's accelerator pedal depression amount, a rotation speed signal Ne of the engine from a crank angle sensor 14, 
and an idle signal from an idle switch 15. A sensor detecting the accelerator depression amount directly can also be 
55 used instead of the throttle opening sensor 5. 

Based on these signals, the electronic control unit 1 controls a speed change ratio according to the drive state and 
the driver's needs. 

The control of speed change ratio is performed by controlling the oil pressure supplied to the drive pulley cylinder 
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chamber 20. When the oil pressure supplied to the drive pulley cylinder chant>er 20 rises, the speed change ratio varies 
in the direction in which the output rotation increases, and when this oil pressure drops, the speed change ratio varies 
in the direction in which the output rotation decreases. This control is performed by a signal output to the step motor 64 
which drives the speed control valve 63 of the oil pressure control unit 3 from the control unit 1 . The oil pressure of a 
5 cylinder chamber 32 of the driven pulley 26 is also supplied through the control valve 63. but this oil pressure is always 
maintained equal to the line pressure. 

The step motor 64 displaces the spool of the speed change control valve 63 via a pinion 66, rack 65 and speed 
change link 67 according to an angular position command value erfrom the electronic control unit 1 . Displacement of 
the speed change link 67 is limited to a fixed range by a stopper 95. The spool selectively connects line pressure sup- 
to plied from the line pressure control valve 60 or a drain to the pulley cylinder chamber 20 according to this displacement 
position. A rod 60A, which moves in synchronism with the spool of the line pressure control-valve 60, is joined to one 
end of the speed change link 67 via a feedback member 158. Due to this, line pressure is fed back to the spool position 
of the speed change control valve 3. The position of the movable conical plate 34 of the driven pulley 26 varies with the 
line pressure, so feeding back of the line pressure means feeding back the position of the movable conical plate 34 to 
15 the speed change control valve 63. 

The speed change control valve 63 increases supply oil pressure to the cylinder chamber 20 of drive pulley 1 6 by 
displacing the rack 65 to the left of Fig. 2. and the CVT output speed is thereby varied towards higher speed. The oil 
pressure of the cylinder chamber 20 is reduced by displacement to the right of the figure so as to vary the CVT output 
speed towards lower speed. 

20 The control characteristics of line pressure PL due to the line pressure control valve 60 are shown in Fig. 5. Instead 
of the throttle valve 77 which responds to the negative pressure diaphragm 76, the line pressure control valve 60 may 
be driven according to the accelerator pedal depression amount or throttle opening. 

The structure of the speed change control valve 63 and the feedback of line pressure to the speed change control 
valve 63 are known from the aforementioned Tokkai Hei 2-240438. 

25 The speed change ratio control performed by an electronic control unit 1 will now be descrit^ed referring to the t)lock 
diagram of Fig. 3 and the flowchart of Figs. 4A and 4B. 

The electronic control unrt 1 corrprises a microcomputer, and is provided with a target speed change ratio comput- 
ing unit 410. real speed change ratio computing unit 460. temporary target speed change ratio command unit 450 and 
speed change command unit 420 as shown in the block diagram of Fig. 3. 

30 The target speed change ratio computing unit 410 estimates the running state of the vehicle and calculates a target 
speed change ratio ipj based on the vehicle speed VSP, engine rotation speed A/e. throttle opening 7VO. shift position 
and a signal from an kJle switch. This calculation is performed by refening to a map which sets a target engine rotation 
speed according to the throttle opening TVO and vehicle speed VSP. This process is shown for example in Tokkai Sho 
59-21 7047 published by the Japanese Patent Office in 1984. 

35 The real speed change ratio computing unit 460 calculates a real speed change ratio ipR from the a vehicle speed 
VSP and a drive pulley rotation speed NprL A connection direction value Sd of the speed change control valve 63 is 
also computed from the real speed change ratio /p/? and an angular position command value Or of the step motor 64. 
The connection direction value Sd specifies whether a drive pulley cylinder chamber 20 is connected to a line pressure 
or to a drain. When It is connected to line pressure, the speed change ratio varies in the decreasing direction (speed 

40 increase direction), and when It is connected to the drain, the speed change ratio varies in the increasing direction 
(speed decrease direction). 

When the vehicle speed VSP becomes equal to or greater than a preset vehicle speed Vor. the temporary target 
speed change ratio command unit 450 sets a tenrporary target speed change ratio ipj from a value corresponding to 
the starting point of the step motor 64 to a predetermined value corresponding to a position slightly shifted towards 

45 decreasing speed change ratio. 

The speed change command unit 420 is provided with a dynamic characteristic estimating unit 444. target speed 
change ratio change -over unit 490, lowpass f Iter time constant computing unit 436, external disturbance compensating 
unit 430. dynamic characteristic compensating unit 440, adder 465. speed change ratio command value converting unit 
470 and step motor angular position adjusting unit 480. 

so In the speed change command unit 420, the angular position command value Or of the step motor 64 is calculated 

so that the real speed change ratio /p^ follows the target speed change ratio with a preset response based on the afore- 
said target speed change ratio ipr, temporary target speed change ratio ipj, real speed change ratio ipp^ and connec- 
tion direction value Sd, 

The dynamic characteristics Gp{$) of the CVT 17 can be represented by the following equation (1) using a first- 
55 order lag and dead-time. 
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where. 



f<P*VPR) = a 9^*" CVT 1 7 to correct for the fact that the step motor angular position and speed change ratio 
are not in direct proportion, 

7p('pR. Sd) = time constant of CVT 1 7. 

L = dead-time of CVT 1 7. 

s = Laplacian operator. 

15 These dynamic characteristics Gp(s) are first found by experiment, and are stored in the CVT control unit 1 as a 
map shown in Fig. 5. This map sets the time constant Tp for shift-up and for shift-down. The dynamic characteristic esti- 
mating unit 444 calculates the time constant Tp of the CVT 17 from the real speed change ratio ipp and connection 
direction value Sd by referring to this map. 

The target speed change ratio change-over unit 490 compares the target speed change ratio ipr with the value of 

20 the temporary target speed change ratio ipy, and outputs the lesser of the two as a target speed change ratio determi- 
nation value ipYs ■ 

The dynamic characteristic compensating unit 440 computes an output value ipA based on the following equations 
(2)-(6) so that the real speed change ratio /p^ follows the target speed change ratio determination value iprs with the 
preset dynamic characteristics GHs). 



^ - exp{-L^s) (2) 



^ iPAFit)= ''PtsCO <3) 

' FB 



35 

C^^^'l (5) 
40 PA^^^r^'PAF'^^^^'PR 

where. 

Tj = time constant corresponding to preset response. 
TpB = time constant corresponding to target response. 



The lowpass filter time constant computing unit 436 determines a time constant of the lowpass filter of the exter- 
nal disturbance compensating unit 430, i.e. a cut-off frequency, from the time constant Tp calculated by the dynamic 
so characteristic estimating unit 444. 

Rrst a time constant is conputed in order to ensure stability of the speed change ratio control system so as to 
obtain a gain margin of at least 12[dB] and a phase margin of at least 45 degrees. 

This constant Th is then corrected as follows based on the vehicle speed VSP and an arbitrary correction coeffi- 
cient CjH' 
55 VJhen Vco^ VSP ^ Vci , 
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T,= ^ (7) 



7H 

and when VSP < Vco or Vci< VSP. 

Th = ^h' (8) 

V^co ^cr set for example to SKm/hr and 10Km/hr. The correction constant C^h 's a value less than 1 . As a 
result, the time constant is inaeased when the vehicle speed VSP lies within the range of 5Km/hr to 1 0Km/hr com- 
70 pared to when it lies outside this range. 

The external disturt>ance compensating unit 430 is designed to eliminate parameter fluctuations due to oil viscosity 
changes or scatter in performance due to mass production and the effect of external disturtjances taking the dynamic 
characteristics of the CVT 1 7 represented by equation (1) as a reference model. The external disturbance compensat- 
ing unit is known from Tokkai Hei 8-296708 and Tokkai Hel 9-280332 respectively published by the Japanese Patent 
IS Office in 1 996 and 1 997. 

The external disturbance compensating unit 430 computes an output value ipo based on the following equation (9) 
from the aforesaid real speed change ratio /p^,time constant Tp of the CVT 17. lowpass filter time constant T^and a 
speed change ratio command value ip described hereafter. 

The first term in equation (9) is calculated by a first external disturbance output compensating unit 432, and the sec- 
25 ond term is calculated by a second external disturbance output compensating unit 434. 

An adder 465 computes a speed change ratio command value ip by the following equation (10) from the aforesaid 
output value ip^ of the dynamic characteristic compensating unit 440 and the output value ipo of the external distur- 
bance compensating unit 430. 

30 ip^iPA'^Po (10) 

By using the speed change ratio command value ip computed in equation (10), a speed change ratio response 
according to a design value can be obtained unaffected by changes of parameters due to dimensional enrors in parts 
or by external disturbance. 

35 A speed change ratio commarKi value converting unit 470 converts the speed change ratio command value ip into 
a step motor angular position command value Os. This step motor angular position command value es is equivalent to 
a stroke amount of the spool of the speed change control valve 63. 

A step motor angular position adjusting unit 480 adjusts the maximum value of the angular velocity of the step 
motor 64 according to the response characteristics of the step motor 64 such that the step motor angular position com- 

40 mand value 6s and real angular position 0 of the step motor 64 coincide. The value adjusted by the step motor angular 
position adjusting unit 480 is output as an angular position command value 6r to the step motor 64. 

Herein, let the adjustment positions due to a stopper 95 in the vicinity of a minimum speed change ratio and a max- 
imum speed change ratio be Oh> ^s shown in Figs. 6-9. Also, let the positional displacement i.e. ineffectual angular 
position variation amount of the step motor 64. ranging from an actual speed change start position corresponding to the 

45 minimum speed change ratio, to the adjustment position 6/y, be denoted as Dq^ Further, let the positional displace- 
ment, i.e. ineffectual angular position variation amount of the step motor 64, ranging from an actual speed change start 
position corresponding to the maximum speed change ratio, to the adjustment position 0^^, also be denoted as Dq^. 

Due to this setting, the groove interval Ds of the drive pulley 1 6, speed change ratio ip and relation between values 
pertaining to the drive pulley 16 and driven pulley 26 may be expressed by the following equations (11) - (13). 



so 



55 



^r,o (11) 



2* tan p 



„ 7{2t, -ifDc)^-4-{/',^ + 7c-DcT, + Dc-(2-Dc-Le)} 
=2 • - n • Dc + ' 5 (12) 
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ip - ^ (13) 

where, 

= radius of belt contact part of drive pulley, 

r^o = minimum radius of belt contact part of drive pulley, 

10 ro ' radius of belt contact part of driven pulley. 

Ds = variation amount from minimum radius equivalent value of groove width of drive pulley ( = angular position of 
step motor). 

15 Dc = distance between drive pulley and driven pulley, 
Lb = belt circumference, 
p = primary pulley groove angle. 

20 

When the vehicle is at rest, it is desirable that oil pressure does not act on the drive pulley 16 and driven pulley 26. 
Therefore, when the vehicle is at rest, the angular position 6 of the step motor 64 must be set to the position correspond- 
ing to the maximum speed change ratio. However, the scatter in the speed change start position, i.e. the position in 
which oil pressure required for speed change starts to act on the drive pulley 16 and driven pulley 26, due to dimen- 
25 sional errors during manufacture of parts such as the spool, is an interval Oo-O/ centered on the step motor design start 
value O/v when the vehicle is at rest, as shown in Figs. 7 and 8. 

Hence the relation between angular position and speed change ratio is set so that the speed change ratio gradually 
varies from a maximum at the angular position Oo to a speed change ratio at the angular position Oy . as shown by the 
broken line in Fig. 7, once the vehicle has started. 
30 Specifically, a map shown in Fig. 8 is stored in the CVT control unit 1 . and the step motor angular position command 
value Or is found from the speed change ratio command value ip by looking up this map. 

In this way. the speed change ratio can be varied according to the step motor angular position even within the inter- 
val eo - e, once the vehicle has started, while oil pressure is prevented from acting on the drive pulley 16 and driven 
pulley 26 when the vehicle is at rest. 
35 The aforesaid speed change ratio control process performed by the electronic control unit 1 will now be described 
referring to the flowcharts of Figs. 4A and 4B. 

First in a step S1 , a predetermined time from startup is waited, and in a step S2, the drive pulley rotation speed 
A/pr/. driven pulley rotation speed Nsec vehicle speed VSP), throttle opening TVO and shift position signal from an 
inhibitor switch 8 are read. 

40 In a step S3, a target speed change ratio /prdepending on the vehicle speed VSP is looked up from a preset map 
with the throttle opening TVO as a parameter. The processing of this step S3 corresponds to the aforementioned target 
speed change ratio computing unit 410. 

In a step S4, it is determined whether or not the vehicle speed VSP is equal to or greater than a preset vehicle 
speed Vqt When the vehicle speed VSP is equal to or greater than the preset value Vqj, a map having the contents 
45 shown by the broken line in Fig. 8 is looked up in a step S5 based on the latest angular position command value Or of 
the step motor 64. and a temporary target speed change ratio iPj is set. As a result, the temporary target speed 
change ratio ipr gradually decreases from a maximum speed change ratio according to increase of the angular position 
command value Or. The temporary target speed change ratio ipj is equivalent to the broken line in Fig. 7. and when 
the angular position command value Or is equal to or greater than a predetermined value, the temporary target speed 
so change ratio ipj becomes equal to the target speed change ratio ip. 

\/Vhen the vehicle speed VSP is less than the set value Vqj, the temporary target speed change ratio ipj is set to 
the maximum speed change ratio in a step 86. Vqt is set for example to SkrWhr. The processing of the steps S4 -86 
corresponds to the aforesaid temporary target speed change ratio command unit 450. 

In a step S7, the target speed change ratio ipj found in the step S3 is compared with the temporary target speed 
55 change ratio ipj found in the step'SS or step 86. and the lesser of the two speed change ratios is set equal to a target 
speed change ratio determination value iprs steps S8 and 89. The processing of the steps 87 - S9 corresponds to 
the aforementioned target speed change ratio change-over unit 490. 

Due to this, when the vehicle is at rest, the speed change ratio characteristic shown by the solid line of Fig. 7 is 
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applied as in the prior art, whereas after the vehicle has started running, the speed change ratio characteristic shown 
by the broken line of Fig. 7 is applied. 

In other words, when the vehicle is at rest, oil pressure acts neither on the drive pulley 16 nor the driven pulley 26, 
and the durability of the CVT 1 7 is not impaired. Further, after the vehicle has started running, even when the step motor 

5 angular position is in the range of 0^ - e / . the speed change ratio varies according to the step motor angular position. 
In a step 810. the real speed change ratio ipp^ 'ts computed from the driven pulley rotation speed Nsec and drive 
pulley rotation speed Npri, and the connection direction value Sd of the speed change control valve 63 is computed 
from this real speed change ratio ipf^ and the latest angular position command value Or of the step motor 64. The 
processing of the step S10 corresponds to the aforesaid real speed change ratio computing unit 460. 

10 In a step S1 1, the output value ipA is computed by the aforesaid equations (2) - (6) from the target speed change 
ratio determination value iprs* real speed change ratio /p^. connection direction value Sd and time constant Tp found 
from the time constant map shown in Fig. 5 This processing con^esponds to the aforementioned dynamic characteristic 
compensating unit 440. 

In a step SI 2, the time constant of the lowpass filter of the external disturbance compensating unit 430 is cal- 
15 culated based on the time constant Tp, 

in a step S13. it is determined whether or not the vehicle speed VSP lies within a predetern^ned vehicle speed 
range Vco - "^ci- 

When the vehicle speed VSP lies within this range, in a step SI 4. the time constant is increased and the time 
constant T^t of the lowpass filter is determined by the aforesaid equation (7). When the vehicle speed VSP lies outside 
^ this range. In a step 815. the time constant is applied without modification to the lowpass filter time constant 7^ by 
the aforesaid equation (8). The processing of the steps 812 - 814 con-esponds to the lowpass filter time constant com- 
puting unit 436. 

When the lowpass filter time constant is increased in the equation (9), the output value ipo also increases. As 
a result, the speed change command value ip obtained in equation (10) decreases. In other words, by increasing the 
25 time constant of the lowpass fitter in a predetermined speed region, the speed change characteristic in the vicinity of 
the maximum speed change ratio when the vehicle has started can be decreased to less than the maximum speed 
change ratio according to the step motor angular position command value Or as shown by the broken line of Fig. 7. 

In a step 816. the output value Ipo is computed by the aforesaid equation (9) from the real speed change ratio /pp. 
time constant Tp of the CVT 17, lowpass filter time constant 7^ and speed change ratio command value /p on the 
30 immediately preceding occasion when the process was executed. The step S16 corresponds to the aforesaid external 
disturbance compensating unit 430. 

In a step 81 7, the speed change ratio command value /p is computed by the aforesaid equation (10) from the out- 
put values \poBX)A Ip^, The step 81 7 corresponds to the adder 465. 

In a step 818, the speed change ratio command value ip is converted into the step motor angular position Os based 
35 on the map of Rg. 8. The step 818 corresponds to the aforesaid speed change ratio command value converting unit 
470. 

Finally, In a step 819 the step motor angular position es is limited so that the step motor angular speed is equal to 
or less than a predetermined value according to the response characteristics of the step motor 64, and the processed 
value is output as the step motor angular position command value er. The step S18 corresponds to the aforesaid step 
AO motor angular position adjusting unit 480. 

Due to the above process, the speed change ratio can be varied smoothly from the maximum speed change ratio 
when the vehicle starts regardless of dimensional errors in parts, while oil pressure is prevented from acting on the 
CVT17 when the vehicle is at rest. As a result, a sharp variation of acceleration G due to the starting of the vehicle 
starts is mitigated. Further, as shown in Fig. 9, overshoot relative to the target engine rotation speed of the real engine 
A5 rotation speed Ne (= drive pulley rotation speed Nprl) is also reduced. 

It should be noted that in this embodiment, the speed change ratio is varied according to the step motor angular 
position command value Or in the vicinity of the maximum speed change ratio when the vehicle has started by setting 
the temporary target speed change ratio ip-f in the step 85 and increasing the time constant 7^ in the step 814. How- 
ever, the ofc)iect of this invention may be achieved by either of these means alone. 
so The corresponding structures, materials, acts, and equivalents of all means plus function elements in the claims 
below are intended to include any structure, material, or acts for performing the functions in conibination with other 
claimed elements as specifically claimed. 

The embodiments of this invention in which an exclusive property or privilege is claimed are defined as follows: 

55 Claims 

1. A speed change ratio controller for a continuously variable transmission (17) for continuously varying a rotation 
speed of an engine of a vehicle via an actuator (64) and transmitting a varied rotation to a vehicle drive shaft, com- 



9 



BNSDOCID: <EP P870951A2J_> 



EP087D951 A2 



prising: 

a sensor (5, 8, 14, 15) for detecting a running state of the vehicle. 
5 a sensor (6. 7) ioc detecting a real speed change ratio of said transmission (17), and 

a microprocessor (1) programmed to: 

set a target speed change ratio from said running state (410, S3), 

10 

compute a dynamic characteristic estimated value of said continuously variable transmission (444, S1 1) 
for each speed change ratio. 

calculate a speed change ratio output value based on said dynamic characteristic estimated value so that 
IS said real speed change ratio follows said target speed change ratio (440. 81 1). 

compute an external disturt^nce compensating value under a predetermined time constant based on a 
speed change ratio command value, said real speed change ratio and said dynamic characteristic esti- 
mated value (430, SI 6), 

20 

calculate said speed change ratio command value based on said speed change ratio output value and said 
external disturt^nce compensating value (465. 817). 

compute an operating command value of said actuator according to said speed change ratio command 
25 value (470. S18). and 

control said actuator (64) based on said operating command value, 
characterized in that 

30 

said controller further comprises a sensor (7) for detecting a vehicle speed, and said microprocessor (1) is fur- 
ther programmed to set a temporary target speed change ratio (450. S4, 85) smaller than a largest speed 
change ratio of said transmission (1 7), and apply the lesser of said target speed change ratio and said tempo- 
rary target speed change ratio as said target speed change ratio in the calculation of said speed change ratio 
35 output value (490, 87. 88. 89) when the vehicle speed is equal to or greater than a predetermined speed. 

2. A speed change ratio controller as defined in Claim 1 . wherein said miaoprocessor (1) is further programmed to 
set said target speed change ratio to said largest speed change ratio when said operating command value is less 
than a predetermined first reference value, and set said temporary target speed change ratio so that said tempo- 

40 rary target speed change ratio gradually decreases as said operating command value increases when said oper- 
ating command value is equal to or larger than said predetermined first reference value. 

3. A speed change ratio controller as defined in Claim 2, wherein said microprocessor (1) is further programmed to 
set said temporary target speed change ratio to be equal to said largest speed change ratio when said vehicle 

45 speed is lower than said predetermined speed (86). 

4. A speed change ratio controller as defined in Claim 2, wherein said miaoprocessor (1) is further programmed to 
set said temporary target speed change ratio to gradually decrease from said largest speed change ratio as said 
operating command value inaeases, when said vehicle speed is equal to or greater than said predetermined speed 

so (85). 

5. A speed change ratio controller as defined in Claim 4, wherein said miaoprocessor (1) is further programmed to 
set temporary target speed change ratio to be equal to said target speed change ratio when said operating com- 
mand value is equal to or greater than a predetermined second reference value which is larger than said first pre- 
ss determined reference value (85). 

6. A speed change ratio controller as defined in Claim 1 . wherein said miaoprocessor (1) is further programmed to 
compute a different operating command value when said speed change ratio is increasing and when said speed 
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change ratio is deaeasing (444, S1 1 ). 

7. A speed change ratio controller for a continuously variable transmission (1 7) for continuously varying a rotation 
speed of an engine of a vehicle via an actuator (64) and transmitting a varied rotation to a vehicle drive shaft, com- 
prising: 

a sensor (5, 8, 14, 15) for detecting a running state of the vehicle, 

a sensor (6. 7) for detecting a real speed change ratio of said continuously variat^le transmission (17), and 

a microprocessor (1) programmed to: 

set a target speed change ratio from said running state (410, S3), 

15 compute a dynamic characteristic estimated value of said continuously variable transmission (444, S1 1) 

for each speed change ratio. 

calculate a speed change ratio output value based on said dynamic characteristic estimated value so that 
said real speed change ratio follows said target speed change ratio (440, S1 1), 



10 



20 



compute an external disturt>ance compensating value under a predetermined time constant based on a 
speed change ratio command value, said real speed change ratio and said dynamic characteristic esti- 
mated value (430, SI 6), 

25 calculate said speed change ratio command value based on said speed change ratio output value and said 

external disturt>ance compensating value (465, SIT), 

compute an operating command value of said actuator according to said speed change ratio command 
value (470, S18), and 

30 

control said actuator (64) based on said operating command value (480, S18), 
characterized in that 

35 said controller further comprises a sensor (7) for detecting a vehicle speed, and said microprocessor (1 ) is fur- 

ther programmed to determine whether or not the vehicle speed is within a predetermined speed range (SI 3). 
and to increase said time constant when the vehicle speed is within said predetermined speed range (436, 
SI 4). 

40 8- A speed change ratio controller as defined in Claim 7. wherein said predetermined speed range is from SknVhr to 
10 km/hr. 

9. A speed change ratio controller for a continuously variable transmission (17) for continuously varying a rotation 
speed of an engine of a vehicle via an actuator (64) and transmitting a varied rotation to a vehicle drive shaft, com- 
45 prising: 

a sensor (5, 8. 1 4. 15) for detecting a running state of the vehicle, 

a sensor (6. 7) for detecting a real speed change ratio of said transmission (17), 

so 

means for setting a target speed change ratio from said running state (410, S3). 

means for computing a dynamic characteristic estimated value of said continuously variable transmission (444, 
S1 1) for each speed change ratio, 

55 

means for calculating a speed change ratio output value based on said dynamic characteristic estimated value 
so that said real speed change ratio follows said target speed change ratio (440. S1 1), 
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means for computing an external distuitonce compensating value under a predetermined time constant based 
on a speed change ratio command value, said real speed change ratio and said dynamic characteristic esti- 
mated value (430. S16). 

5 means for calculating said speed change ratio command value based on said speed change ratio output value 

and said external disturt>ance compensating value (465, SI 7). 

means for computing an operating command value of said actuator according to said speed change ratio com- 
mand value (470, SI 8), and 

10 

means for controlling said actuator (64) based on said operating command value, 
characterized in that 

said controller further comprises a sensor (7) for detecting a vehicle speed, means for setting a temporary tar- 
15 get speed change ratio (450, S4, S5) smaller than a largest speed change ratio of said transmission (17), and 

means for applying the lesser of said target speed change ratio and said temporary target speed change ratio 
as said target speed change ratio in the calculation of said speed change ratio output value (490. S7, S8, S9) 
when the vehicle speed is equal to or greater than a predetermined speed. 

20 
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